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(54) Method of treating a subterranean formation 

(57) A subterranean formation is treated with a par- 
ticulate-laden fluid and a treatment chemical, whereby 
particulate flowback is reduced or prevented while also 
providing a controlled release of the treatment chemical 
within the formation. A fluid suspension including a mix- 
ture of a particulate, a tackifying compound and the 



treatment chemical, is pumped into the formation and 
depositing therein within whereby the tackifying com- 
pound retards release of said treatment chemical and 
also retards movement of at least a portion of the par- 
ticulate within the formation upon flow of fluids from the 
subterranean formation. 
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the manner achieved by use of resin coated particulates. U .S. Patent 5,501 ,274 discloses a method for reducing prop- 
pant flowback by the incorporation of thermoplastic material in particulate, ribbon or flake form with the proppant. Upon 
deposition of the proppant and thermoplastic material in the formation, the thermoplastic material softens and causes 
particulates adjacent the material to adhere to the thermoplastic creating agglomerates. The agglomerates then bridge 

s with the other agglomerates and other particulates to prevent flowback from the formation. 

[0010] It would be desirable to provide a more permanent method which will bind greater numbers of particles of the 
particulate to one another whereby agglomerates may be formed which would further assist in preventing movement 
or flowback of particulates from a welibore or formation without significantly reducing the permeability of the particulate 
pack during aggressive flowback of treatment fluids. 

io [0011] It is also desirable to provide a method by which a substantially uniform release of a treatment chemical such 
as a gel breaker, scale inhibitor, biocide, corrosion inhibitor, paraffin inhibitor or other treatment chemical may be ef- 
fected within a proppant pack in a subterranean formation. It is also desirable to be able to control the rate of release 
of the treatment chemical within the subterranean formation. 

[0012] We have now devised a method of treating a subterranean formation and uniformly delivering a controlled 

1S release of a treatment chemical to the formation. 

[0013] in one aspect, the invention provides a method of treating a subterranean formation, which method comprises 
mixing with at least a portion of particulate in a paniculate-containing fluid suspension a liquid or solution of a non- 
hardening tacklfying compound whereby at least a portion of said particulate is at least partially coated by said com- 
pound; mixing with at least a portion of said particulate in said fluid suspension a treatment chemical whereby at least 

20 a portion of said treatment chemical is contacted by said tackifying compound and at least partially coated therewith, 
whereby the tackifying compound retards release of said treatment chemical in said fluid suspension; and depositing 
the tackifying compound-coated particulates and treatment chemical in the subterranean formation whereby, upon 
flowing back fluid from the formation, the tackifying compound-coated treatment chemical is subsequently released 
within the subterranean formation to treat at least a portion of the formation or fluids in contact therewith. 

25 [0014] The method of the invention comprises providing a fluid suspension including a mixture of particulate material, 
a material comprising a liquid or solution of a tackifying compound, which coats at least a portion of the particulate 
upon admixture therewith, a treatment chemical which may be in particulate form or coated upon or in a substrate and, 
optionally, a hardenable resin, which coats or is coated upon at least a portion of the particulate, pumping the fluid 
suspension including the coated particulate and treatment chemical through the welibore and depositing the mixture 

30 in the formation. Upon deposition of proppants having been coated with the tackifying compound and optionally the 
resin material mixture in the formation the coating causes particulate adjacent to the coated material as well as the 
dispersed treatment chemical particles to adhere to the coated material thereby creating proppant agglomerates which 
bridge against other particles in the formation to minimize initial particulate flowback and the hardenable resin, when 
present, subsequently consolidates the particulate. 

& [001 5] The coated material is effective in inhibiting the flowback of particulate in a porous pack having a size ranging 
from about 2 to about 400 mesh in intimate admixture with the tackifying compound coated particulates. 
[001 6] The coated material Is effective in consolidating particulate into the form of agglomerates in a formation as a 
result of a fracturing or gravel packing treatment performed on a subterranean formation during aggressive flowback 
of the treatment fluid. 

40 [0017] In accordance with the present invention, a liquid or solution of a tackifying compound is incorporated in an 
intimate mixture with a particulate material such as conventional proppants or gravel packing materials together with 
an optional hardenable resin and introduced into a subterranean formation. 

[0018] As used in this specification, the term "intimate mixture* will be understood to mean a substantially uniform 
dispersion of the components in the mixture. The term "simultaneous mixture" will be understood to mean a mixture 
45 of components that are blended together in the initial steps of the subterranean formation treatment process or the 
preparation for the performance of the treatment process. 

[0019] The coated particulate or proppant material may comprise substantially any substrate material that does not 
undesirably chemically interact with other components used in treating the subterranean formation. The material may 
comprise sand, ceramics, glass, sintered bauxite, resin coated sand, resin beads, metal beads and the like. The coated 

so material also may comprise an additional material that is admixed with a particulate and introduced into a subterranean 
formation to reduce particulate flowback. In this instance the additional substrate material may comprise glass, ceramic, 
carbon composites, natural or synthetic polymers or metal and the like in the form of fibers, flakes, ribbons, beads, 
shavings, platelets and the like. In this instance, the additional substrate material generally will be admixed with the 
particulate in an amount of from about 0.1 to about 5 percent by weight of the particulate. 

55 [0020] Surprisingly, it has been found that the additional material also may comprise porous or non-porous substrates 
upon which a treatment chemical is either absorbed or coated or even particulates or agglomerates of particles of a 
desired solid treatment chemical which exhibits solubility in the formation fluids upon contact therewith. The additional 
material may or may not function as a proppant or gravel pack material in the subterranean formation, depending upon 
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larger quantities may be used, however, the larger quantities generally do not significantly increase performance and 
could undesirably reduce the permeability of the particulate pack. Preferably, the tackifying compound is admixed with 
the particulate and treatment chemical particles introduced into the subterranean formation in an amount of from about 
0.25 to about 2.0 percent by weight of the coated particulate. 

5 [0027] When the tackifying compound is utilized with another material that is to be admixed with the particulate and 
which is to be at least partially coated with the tackifying compound, such as glass fibers or the like, the compound is 
present in an amount of from about 1 0 to about 250 percent active material by weight of the glass fibers or other added 
material and generally from about 0.1 to about 3 percent active material by weight of the quantity of particulate with 
which the coated material is intimately admixed. Preferably the tackifying compound is present in an amount of from 

w about 50 to about 1 50 percent of the material which is to be at least partially coated with the tackifying compound and 
then added to the particulate. At least a portion of the tackifying compound introduced with the additional material will 
contact and coat at least a portion of the particulate with which it is admixed. 

[0028] The hardenable resin, when present, comprises an epoxy or phenolic resin or other compound capable of 
being at least partially coated upon a particulate substrate and then cured to a higher degree of polymerization. Ex- 

*5 amples of such resins include phenol-aldehyde resins of both the resole and novolac type, urea-aldehyde resins, 
me lam ine- aldehyde resins, epoxy resins, furfuryl alcohol resins and the like. The curing may result from heating the 
resin to a higher temperature such as can occur with the resole resins or by the addition of a catalyst or crosslinker to 
the resin which initiates polymerization. Admixtures of resins such as the resole and novaiac resins may be utilized 
wherein sufficient resole resin is incorporated to initiate polymerization in the novaiac resin. Various resins are described 

20 in for example U.S. Patents 5,420,174; 5,218,038; 5,425,994 and 4,888,240 the entire disclosures of which are incor- 
porated herein by reference thereto. Particularly preferred resins include epoxy resins such as "EPON 828" epoxy 
resin from Shell Chemical Company, Houston, Texas. Phenolic resins such as "Resin 1866* from Acme Resin Corpo- 
ration, Borden Division, Forrest Park, Illinois, furan resins such as "ARS-1500" resin from Advanced Resin Systems, 
Des Plains, Illinois and novaiac Resins such as "Bakelite 9282 FP" resin also available from Advanced Resin Systems. 

25 [0029] The resin is admixed with the particulate in an amount of from about 0.01 to about 5.0 percent by weight of 
the particulate. Preferably, the resin is admixed with the particulate in an amount of from about 0.05 about 1 .0 percent 
by weight of the particulate. Curing agents, catalysts or crossiinkers selected from those well known in the art may be 
utilized with the resin to harden the resin and form a consolidated matrix of particulate. 

[0030] The liquid or solution of tackifying compound interacts mechanically with the particles of particulate introduced 
30 into the subterranean formation to limit or prevent the fiowback of particulates to the wellbore during initial flowback. 
When the hardenable resin is present, the tackifying compound substantially limits flowback prior to hardening and 
consolidation of the particulates by the hardenable resin. 

The tackifying compound causes the treatment chemical particles admixed with the coated particulates to adhere to 
the coated particles and to remain uniformly dispersed within the portion of the coated particulate to which it is added. 

35 [0031] in one embodiment, the tackifying compound, when comprised of polyamides that contain reactive sites such 
as amine groups, may be admixed and contacted with a material that has multi-functional reactive sites which are 
capable of reacting with the reactive sites on the tackifying compound to form a hard reaction product which consolidates 
the agglomerates formed by the tackifying compound. A "hard reaction product" as used herein means that the reaction 
of the tackifying compound with the multifunctional material will result in a substantially nonflowable reaction product 

40 that exhibits a higher compressive strength in a consolidated agglomerate than the tackifying compound alone with 
the particulates. One means of evaluating the consolidated agglomerate to determine whether an increase in com- 
pressive strength has occurred is through testing with a penetrometer. Samples may be prepared comprising particulate 
coated with the tackifying compound, multifunctional material and an admixture as described herein and penetrometer 
readings can be made using equipment such as a PWG Penetrometer from Precision Scientific Company, Chicago, 

45 Illinois. Comparison of the penetrometer readings readily demonstrates the change that has occurred as a result of 
the reaction. In this instance, the tackifying compound also functions as the hardenable resin. The material having 
multi-functional reactive sites include compounds such as aldehydes such as formaldehyde, dialdehydes such as 
giutaraldehyde, hemiacetaJs or aldehyde releasing compounds, diacid halides, dihalides such as dichlorides and di- 
bromides, polyacid anhydrides such as citric acid anhydride, epoxides and the like. Preferred compounds for use with 

50 polyamides containing reactive sites comprise furfuraldehyde, giutaraldehyde or aldehyde condensates and the like. 
The multi-functional compound is admixed with the tackifying compound in an amount of from about 0.01 to about 50 
percent by weight of the tackifying compound to effect formation of the reaction product Preferably, the compound is 
present in an amount of from about 0.5 to about 1 percent by weight of the tackifying compound. 
[0032] The liquid or solution of tackifying compound and hardenable resin generally are incorporated with the par- 

55 tteulate In any of the conventional fracturing or gravel packing fluids comprised of an aqueous fluid, an aqueous foam, 
a hydrocarbon fluid or an emulsion, a viscosifying agent and any of the various known breakers, buffers, surfactants, 
clay stabilizers or the like. 

[0033] Generally the tackifying compound and hardenable resin may be incorporated into fluids having a pH in the 
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EXAMPLE I 

[0040] The evaluation of a liquid or solution of a compound for use as a tackifying compound is accomplished by the 
following test. A critical resuspension velocity is first determined for the material upon which the tackifying compound 

5 is to be coated. The apparatus comprises a 1 1T glass tee which is connected to an inlet source of water and an outlet 
disposal line is blocked to fluid flow. A water slurry of particulate is aspirated into the tee through the intet and collected 
within a lower portion of said tee by filtration against a screen. When the lower portion of the tee is full, the vacuum 
source is removed and a plug is used to seal the end of the lower portion of the tee. The flow channel from inlet to 
outlet then is swabbed clean and a volumetrically controlled pump, such as a "MOYNO" pump, is connected to the 

10 inlet and a controlled flow of water is initiated. The velocity of the fluid is slowly increased through the inlet until the 
first particle of particulate material is picked up by the flowing water stream. This determines the baseline for the starting 
of the resuspension velocity. The flow rate then is further increased until the removal of particles becomes continuous. 
This determines the baseline for the continuous resuspension velocity. The test then is terminated and the apparatus 
is refilled with particulate having a coating corresponding to about 0.5 percent active material by weight of the particulate 

is applied thereto. Similar trends generally are seen in the results when the concentrations tested are from about 0.1 to 
about 3 percent, however, the 0.5 percent level which is within the preferred application range is preferred for stand- 
ardization of the procedure. The test is repeated to determine the starting point of particulate removal and the velocity 
at which removal becomes continuous. The percent of velocity increase (or decrease) then is determined based upon 
the initial or continuous baseline value. The results of several tests employing the preferred polyamide of the present 

20 invention, and conventional epoxy and phenolic resins known for use in consolidation treatments in subterranean 
formations with 12/20 and 20/40 mesh sand are set forth below in Table I. 
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TABLE X 
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sand 
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None 



20/40 mesh 
sand 

20/40 mesh 
sand 

20/40 mesh 
sand 

20/40 mesh 
sand 

20/40 mesh 
s and. 

20/40 mesh 
sand 

12/20 mesh 
sand 

12/20 mesh 
sand 



1/2 percent 
po lyamide 

1 percent 
poly amide 

1/2 percent 
phenolic 

1 percent 
phenolic 
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222 



12/20 mesh 
sa nd 

12/20 mesh 
sa nd 

12/20 mesh 
sand 

12/20 mesh 
sand 



1/2 percent 
epoxy 

1 percent 
epoxy 

1/2 percent 
poly amide^ 

1 percent 
polyamide 
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determined. 

[0044] The cell then was cleaned and packed with another proppant pack for testing. The tested materials are set 
forth in Table II, below. 



TABLE II 
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water 


None 


84 


15 
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gel 


None 


90 




3 


gel 


1% by wt, 
polyamide 


180 


20 


4 


gel 


2% by wt 
polyamide 


384 


25 


5 


gel 


1% by wt 
polyamide and 1% 
out Bakelite 9282 

FP resin 


>3000 l 


30 S 


6 


gel 


1% by wt 
polyamide and 1% 
by wt Bakelite 
9282 FP resin 


>2600 2 



lu pack heated at 250°F for 72 hours before testing, no 
sand production during test 

2. pack heated at 180°F for 4 hours before testing no 
sand production during test 



40 EXAMPLE III 

[0045] The controlled release properties of the method of the present invention are determined by comparison to 
breaker solutions, untreated substrates containing breakers and substrates containing breaker including a tackifying 
compound. 

45 [0046] The breaker utilized comprised sodium persulfate. The solution was prepared by dissolving 3 grams of sodium 
persulfate in 100 ml of deionized water. The particular substrates utilized comprised diatomaceous earth and amor- 
phous silica. The diatomaceous earth substrate was prepared by dissolving 5 grams of sodium persulfate in 1 0 ml of 
deionized water to which was added 10 grams of diatomaceous earth. The sample then was dried for 24 hours in a 
1 40° F. vacuum oven. The sample material has a concentration of 0.5 gram sodium persulfate per gram of diatomaceous 

so earth. The amorphous silica substrate was prepared by dissolving 5 grams of sodium persulfate in 1 0 ml of deionized 
water to which was added 5 grams of amorphous silica. The sample then is fried for 24 hours in a 140°F vacuum oven. 
The sample material has a concentration of 1 gram sodium persulfate per gram of amorphous silica. 
[0047] The samples are admixed with a quantity of a crossiinked hydroxypropylguar containing fluid. The gelled fluid 
is prepared by hydrating hydroxypropylguar in tap water in an amount of 25 pounds per 1 000 gallons of fluid. A liquid 

55 borate containing crossllnker such as described in U.S. Patent 5,827,804 issued October 27, 1 998, the entire disclosure 
of which is incorporated herein by reference, then was admixed with the gelled fluid in an amount of 2 gallons per 1 000 
gallons of fluid. The crossiinked fluid then is admixed with a quantity of 20-40 mesh sand, tackifying compound and 
breaker or substrate loaded breaker in a concentration of 2 lbs. sodium persulfate per 1 000 gallons of fluid. The tack- 
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AS : amorphous silica substrate with breaker 
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5. A method according to claim 1 , wherein said fluid suspension including a mixture of a particulate material and 
another material comprising a treatment chemical which are at least partially coated with a liquid or solution of a 
non-hardening tackifying compound, is introduced into the subterranean formation through the welibore. 

5 6. A method according to any of claims 1 to 5, wherein said tackifying compound is admixed with said particulate in 
an amount of from 0.1 to 3.0 percent by weight of said particulate, preferably in an amount of from 0.25 to 2 percent 
by weight of said particulate. 

7. A method according to any of claims 1 to 6, wherein said tackifying compound is a poly amide, polyester, poly ether, 
io polycarbamate, polycarbonate, styrene- butadiene latex, a natural or synthetic resin, or any mixture of two or more 

thereof. 

8. A method according to any of claims 1 to 7, wherein said treatment chemical comprises a scale inhibitor, biocide, 
breaker, buffer, paraffin inhibitor or corrosion inhibitor or any mixture of two or more thereof. 

15 

9. A method according to any of claims 1 to 8, wherein said treatment chemical is coated upon or absorbed upon an 
inert porous substrate or a non-porous substrate. 

10. A method according to claim 1 , wherein said tackifying compound comprises at least one member selected from 
20 polyamides, polyesters, polyethers, polycarbamates, polycarbonates, styrene-butadiene latticies and natural and 

synthetic resins. 
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